Women with epilepsy (WWE) face specific challenges throughout their lifespan due to the effects of seizures and antiepileptic drugs on hormonal function, potentially affecting both sexual and reproductive health. This review article addresses the most common issues of practical relevance to clinicians treating WWE: epidemiology and clinical presentations (including catamenial epilepsy), contraception, reproductive and sexual dysfunction, pregnancy, lactation, menopause-related issues (including bone health), and mental health aspects. Awareness of these gender-specific issues and implementation/adaptation of effective interventions for WWE results in significantly improved health-related quality of life in this patient population.
Introduction
The term "epilepsy" defines a group of disorders characterized by an enduring predisposition of the brain to produce seizures. To reduce diagnostic ambiguity and promote a better understanding of the pathogenesis of epilepsy and seizures, the International League Against Epilepsy (ILAE) recently proposed a new definition of epilepsy (Malkan and Beran, 2014) , which encompasses the following clinical scenarios: i) at least two unprovoked (or reflex) seizures occurring more than 24 hours apart; ii) one unprovoked (or reflex) seizure and a probability of further seizures similar to the general recurrence risk (at least 60%) after two unprovoked seizures, occurring over the next 10 years; iii) an established diagnosis of an epilepsy syndrome. Seizures can be either generalized (characterized by diffuse epileptiform discharges involving distributed neuronal networks bilaterally) or focal (discrete localization and involvement limited to one hemisphere). Focal seizures are further classified as motor/sensory and dyscognitive, whereas generalized seizures encompass tonic-clonic, absence, myoclonic, tonic, clonic or atonic seizures (Berg et al., 2010) . As currently defined, epilepsy is considered to be resolved in patients who have remained seizure-free for at least 10 years and off antiepileptic drugs (AEDs) for at least five years (Fisher et al., 2014) . Epilepsy is a relatively common condition, with higher prevalence rates in developing countries. It is estimated that around 3% of people receive a diagnosis of epilepsy at some point in their lifetime, with 70% achieving remission (Rugg-Gunn and Sander, 2012) . Although sex ratios in the epidemiology of epilepsy are not fully established, there appears to be a slight gender difference in the prevalence of different epilepsy types, such as idiopathic generalized epilepsy and childhood absence epilepsy (2-5 times more common in girls than boys) and juvenile myoclonic epilepsy (1.5 times more common in girls than boys) (Savic, 2014) . In several developing countries there is still evidence of social stigma attached to women with epilepsy (WWE). In Nigeria, WWE have been found to have worse social and economic status in comparison with women not suffering from epilepsy (Komolafe et al., 2012) . In a study conducted in India, more than half of WWE concealed their history of epilepsy prior to their wedding, fearing social stigma and breakdown of the marriage negotiations (Santosh et al., 2007) . In general, WWE experience changes in seizure frequency and severity in relation to different phases in the reproductive cycle: during puberty, over the menstrual cycle, and during pregnancy and the menopause (Morrell, 1999) . WWE could arguably be regarded as a distinct illness sub-population with a number of distinguishing features compared with men with similar diagnoses; and these features need to be considered. Management of epilepsy in women requires not only knowledge of epilepsy, but also recognition of the various roles and priorities women have in their lives (education, career development, child rearing, the role as carer within the extended family), and attention to gender-specific issues and their impact on patients' wellbeing throughout life (Jackson, 2006) . These elements are discussed further in the present article, which focuses in particular on catamenial epilepsy, hormonal interactions with AEDs, sexual dysfunction, contraception, pregnancy, menopause, bone health and mental health.
Catamenial epilepsy
Catamenial epilepsy refers to exacerbation of seizures during different phases of the menstrual cycle in women with pre-existing epilepsy. Catamenial epilepsy can affect one third to one half of WWE (Foldvary-Schaefer and Falcone, 2003; Morrell, 1999) , and it is reported that up to one third of female patients with intractable complex partial seizures may have this condition (Herzog, 2006) . Overall, WWE are 2.5 times more likely to have menstrual disorders than women in the general population (Herzog, 2006) . Seizure exacerbation has been found to be more common in anovulatory than ovulatory cycles (Kim et al., 2010) , and the occurrence of seizures during anovulatory cycles increases the risk of infertility. Additionally, anovulatory cycles tend to be associated with an increase in seizure frequency during non-menstrual phases, whilst ovulatory cycles can have one or two peaks in seizure frequency, around the time of menstruation and/or ovulation (Herzog et al., 1997) . The occurrence of changes in estrogen and progesterone levels is thought to be a key factor in catamenial epilepsy, with progesterone being considered an anticonvulsant hormone and estrogen a proconvulsant. The four phases of the menstrual cycle are the menstrual phase (day 25 of the first cycle to day 3 of the next cycle), the follicular phase (days 4-10), the ovulatory phase (days 11-16) and the luteal phase (day 17-day 3 of the next cycle). Catamenial epilepsy is characterized by three patterns of increased seizure frequency: C1 (perimenstrual pattern: increased frequency of seizures from day 25 of the first cycle to day 3 of the next cycle), C2 (periovulatory pattern: increased seizure frequency on days 10-14) and C3 (luteal pattern: increased frequency of seizures from day 17 of the first cycle to day 3 of next cycle when compared with days 4-10, the follicular phase). C1 and C3 are associated with a decrease in progesterone levels, while C2 sees an increase in the level of estrogen (Harden and Pennell, 2013; Reddy, 2013) . Frequency of generalized tonic-clonic seizures was found to be higher in anovulatory cycles, which were also associated with an increase in the serum estradiol/progesterone ratio (Herzog et al., 2011) . Careful assessment of menstrual and seizure diaries and categorization of cycle type (ovulatory versus anovulatory) and duration are important steps in the diagnosis of catamenial epilepsy. AEDs can also have an impact on, or association with, the menstrual cycle. Menstrual disorders in WWE as well as being adverse effects of AEDs, can also be due to seizure-induced disruption of neuroendocrine function. Strong evidence suggests that menstrual disorders, including polycystic ovary syndrome (PCOS), are found more frequently in WWE treated with valproate. Women younger than 20 years seem to be especially vulnerable , although the effect of valproate on the menstrual cycle appears to be reversible when treatment is discontinued (Mikkonen et al., 2004) . Menstrual disorders have also been found to be more common in patients taking valproate than carbamazepine (Isojärvi et al., 2005) . Furthermore, the frequency of menstrual disorders appears to be particularly elevated among women with high seizure frequency and in those receiving polytherapy (Svalheim et al., 2003) . There is limited evidence about the use of pharmacotherapy in managing catamenial epilepsy (Foldvary-Schaefer and Falcone, 2003) . Increasing the dose of AEDs at the time of anticipated seizure occurrence is a possible treatment option. The use of intermittent clobazam, on days when seizures are anticipated, is the only treatment option shown to have benefit in a randomized controlled trial (Feely and Gibson, 1984) . Alternative therapies include acetazolamide or progestogens given perimenstrually. For WWE who are not taking AEDs, the following can be considered: intermittent perimenstrual clobazam (5 to 30 mg/day), the oral contraceptive pill (OCP), depot progestogen therapy, or perimenstrual progestogen (Crawford, 2005) . Results from a recent randomized controlled trial (Herzog et al., 2012) showed that WWE who present with the C1 catamenial seizure pattern may benefit from progesterone treatment (French, 2013) .
Female hormones and contraception
There exist complex, multidirectional interactions between female hormones, seizures and AEDs. Most hormones act as neurosteroids and can thus modulate brain excitability via direct binding sites. Any changes in endogenous or exogenous hormone levels can affect the occurrence of seizures, either directly or via pharmacokinetic interactions that modify the plasma levels of AEDs (Harden, 2008) . The pharmacokinetic interactions between oral con-traceptives and AEDs are bidirectional (Johnston and Crawford, 2014) . A number of AEDs, including carbamazepine, oxcarbazepine, topiramate, phenobarbitone and phenytoin, are known to have cytochromeinducing properties (CYP3A4 group). These cytochromes are also involved in the metabolism of estrogen and progesterone, which are the main components of the combined OCP. Therefore, concomitant administration of cytochrome-inducing AEDs and the OCP may reduce the efficacy and effectiveness of the OCP. WWE taking these AEDs together with hormonal forms of contraception should receive counseling about the possible risks. In clinical practice, patients can be advised to increase the dosage of estrogen (starting with 50 micrograms daily of ethinyl estradiol). As full oral contraceptive efficacy cannot be guaranteed even on a higher-dose OCP with normal cycles, WWE taking enzyme-inducing AEDs can be advised to use the emergency contraceptive pill at a higher dose after unprotected sexual intercourse. No clinically relevant interaction has been documented between sodium valproate, levetiracetam, ethosuximide, pregabalin, gabapentin, vigabatrin, tiagabine, benzodiazepines and any form of OCP. Patients taking the OCP can show reduced concentrations of lamotrigine, and lamotrigine plasma levels should therefore be monitored (Sabers et al., 2003) . There are no reported interactions between lamotrigine and the progestogen-only contraceptive pill (Gaffield et al., 2011) . Finally, medroxyprogesterone acetate depot injection, levonorgestrel-releasing intrauterine systems, and copper-containing intrauterine devices are methods of contraception not affected by enzyme-inducing AEDs (O'Brien and Guillebaud, 2010) . Both depot preparations and non-hormonal methods of contraception can be recommended as safe options for WWE on AEDs (Dutton and Foldvary-Schaefer, 2008) .
Reproductive and sexual dysfunction
The most common reproductive endocrine disorder in WWE is PCOS, a condition characterized by hyperandrogenism, multiple ovarian cysts, anovulatory cycles, hirsutism and obesity. The prevalence of PCOS in WWE has been estimated at between 4% and 19% (Lobo, 1995) . Most studies suggest an increased incidence of PCOS in women taking valproate (Hu et al., 2011; Zhou et al., 2012) as opposed to carbamazepine or lamotrigine . Although most WWE have a normal sex life, areas of sexual dysfunction have been reported in this patient population. Complaints can range from decreased sex drive to inadequate orgasmic satisfaction. AEDs as a drug class are also associated with sexual dysfunction in their own right (Harden, 2008) . In a study by Gil-Nagel et al. (2006) , WWE reported improvements in sexual desire, pleasure and orgasm when they switched to or initiated treatment with lamotrigine. There have also been reports of seizures induced by orgasm in WWE (Ozkara et al., 2006) . However, the etiology of sexual dysfunction in WWE is considered to be multifactorial, with contributions from both the physical and psychological domains: for example, depression associated with epilepsy is also a significant factor in WWE who have difficulties with sexual functioning (Cavanna et al., 2009; Zelená et al., 2011) .
Pregnancy and lactation
Although WWE often express concerns about worsening seizure control during pregnancy, converging evidence from multiple studies shows that seizure activity during gestation is unchanged from pre-pregnancy baseline in more than half of cases (Harden et al., 2009a) . In the European and International Registry of Antiepileptic Drugs in Pregnancy, 64% of WWE reported no change in seizure control from the first trimester to the following two trimesters, with 93% of these women being seizure free (EURAP Study Group, 2006) . WWE who report changes in seizure control, are as likely to experience an improvement as a worsening (Harden et al., 2009a) . Concerns about increased risk of obstetric complications in WWE are not supported by available evidence (EURAP Study Group, 2006) . Seizures during pregnancy should be treated to improve health-related quality of life, to prevent seizure-related injury, and to avoid status epilepticus. Uncertainty exists as to whether seizures in pregnant WWE represent a risk to the fetus. Case reports of both generalized and complex partial seizures occurring during labor have been associated with deceleration of fetal heart rate suggestive of fetal hypoxia, and with prolonged uterine contractions (Nei et al., 1998; Sahoo and Klein, 2005) . Seizures resulting in falls can cause direct trauma to the gravid uterus, possibly resulting in complications such as bleeding, premature rupture of the membranes and labor, and fetal death. Abruptio placentae has been reported to occur in up to 5% of mild traumatic injuries and up to 50% of major blunt traumas during pregnancy (Pearlman et al., 1990) . However, a recently published systematic review and meta-analysis on epilepsy in pregnancy and reproductive outcomes found that the odds of early preterm birth, gestational diabetes, fetal death or stillbirth, perinatal death, or admission to the neonatal intensive care unit did not differ between WWE and those without the disorder (Viale et al., 2015) . AED therapy in pregnancy needs to be carefully managed from preconception through to the intrapartum and post-partum stages (Voinescu and Pennell, 2015) . Before pregnancy, WWE should be advised to discontinue AED therapy when appropriate, or use monotherapy rather than polytherapy whenever possible. Patients should be helped to find the lowest AED dose that will maintain seizure control. Pregnancy in WWE is mostly uneventful, as children are usually delivered healthy and there is no increased risk of obstetric complications (Crawford, 2005) . However in a small proportion of patients complications can occur, due to multiple risk factors related to physiological changes during pregnancy. These include changes in circulating levels of steroids, increased blood volume and cardiac output, increase in glomerular filtration rate, postural hypotension, dilutional anemia, increased metabolic rate, and insulin resistance. As a result of complex interactions between these factors, seizure frequency can either increase or decrease during pregnancy. The pharmacokinetic profiles of AEDs also play an important role in changes in seizure frequency during pregnancy. The management of WWE during pregnancy should include monitoring of serum levels of AEDs, especially lamotrigine, carbamazepine and phenytoin. Lamotrigine and oxcarbazepine serum concentrations may be particularly prone to decline as a result of increased glucuronidation during pregnancy. WWE taking these AEDs throughout pregnancy have been found to require more dose increases and to suffer more convulsive seizures (EURAP Study Group, 2006; Vajda et al., 2006) . After delivery, doses can be reduced to prepregnancy baseline levels to avoid toxicity but maintain seizure control. Several AEDs are known to have teratogenic effects on the developing fetus (Table I) . Converging evidence from registry studies indicates that teratogenic risks are higher with valproate, followed by carbamazepine and topiramate. Among other commonly prescribed AEDs, older generation agents such as phenobarbitone and phenytoin have been associated with higher risks compared with lamotrigine, levetiracetam, clonazepam and gabapentin (Vajda et al., 2014; Voinescu and Pennell, 2015) . Evidence-based recommendations include the avoidance of valproate and AED polytherapy during pregnancy, especially during the first trimester, in order to reduce the risk of congenital malformations. Children born to WWE who were taking valproate throughout pregnancy have been found to have significantly lower IQ scores as compared to the children of WWE taking carbamazepine, phenytoin or lamotrigine (Harden et al., 2009a; Meador et al., 2009; Bromley et al., 2014) . Moreover, available data show that children exposed to valproate in utero are at increased risk of autism spectrum disorder (approximately threefold) and childhood autism (approximately fivefold) compared with the general population (Christensen et al., 2013) .
Children born to WWE on AED therapy are also considered to be twice as likely to be small for their gestational age (Harden et al., 2009a) . Further recommendations include pre-conception folic acid supplementation in order to prevent congenital malformations in newborns and possibly improve neurodevelopmental outcomes (Harden et al., 2009b; Shannon et al., 2014) . Safety data on the newer AEDs are quite sparse. In clinical practice, most women can be advised to continue their AED therapy, given the risk of seizures in pregnancy and the potential consequences for both mother and baby (Bromley et al., 2014) . With regard to lactation, both levetiracetam and primidone are thought to be transferred to breast milk in clinically significant amounts as compared to valproate, phenytoin and phenobarbital (Harden et al., 2009b) . It is considered generally safe for WWE taking AEDs to breastfeed, given that only very small amounts of these drugs are excreted in breast milk. Finally, it has been recommended that vitamin K be administered parenterally to children born to WWE on AED treatment (National Institute for Health and Care Excellence, 2012).
Menopause-related issues
It is reported that in the menopause, 40% of WWE can experience a worsening of seizure frequency, whereas up to 27% may go into remission (Crawford, 2005) . As a result of hormonal changes, the frequency of catamenial seizures may increase in the perimenopause and decrease at menopause. Hormonereplacement therapy is significantly associated with increased frequency of seizures in menopausal women (Harden et al., 1999) . Cytochrome-inducing AEDs are known to affect bone mineral density and are associated with bone disorders such as osteoporosis and fractures during and after menopause. Phenytoin has been found to be associated with decreased levels of bone-specific alkaline phosphatase, as well as increased bone turnover, which can predispose to fractures, especially to the neck of femur (Pack et al., 2008) . Finally, topiramate use is associated with low parathyroid hormone levels and increased bone turnover in premenopausal women (Heo et al., 2011) . 
Mental health
Psychiatric comorbidity is high in patients with epilepsy (Jones et al., 2010; Kerr et al., 2011) , often as a result of AED treatment Eddy et al., 2012; Piedad et al., 2012) . The overall prevalence rate of psychiatric conditions in epilepsy ranges between 20-30% and 50-60%, according to different estimates (Jones et al., 2010; Karouni et al., 2010) . Depression has a particularly high prevalence rate in patients with epilepsy, and WWE are at increased risk of developing depression (Beghi et al., 2004) . Moreover, symptoms of depression have been reported by WWE before and after pregnancy (Reiter et al., 2013) . Postpartum depression rates are higher in WWE as compared to the general population and the choice of AED has not been found to modify the risk of developing postpartum depression (Galanti et al., 2009) . A recently published review of studies on psychiatric disease in the peripartum period in WWE identified peripartum depression, anxiety and fear of birth as the most clinically relevant conditions (Bjørk et al., 2015) . Specifically, the point prevalence of depression from the second trimester to six months postpartum ranged from 16 to 35% in WWE (compared to 9-12% in controls), with the highest estimates recorded in pregnancy and in the perinatal period. Anxiety symptoms six months after delivery were reported by 10% of WWE and 5% of controls. Fear of birth symptoms were increased in primiparous WWE compared with controls, and previous psychiatric disease, sexual/physical abuse, AED polytherapy, and high seizure frequency were the main risk factors. Psychosis in epilepsy tends to have a temporal relationship with seizures and is currently classified as peri-ictal, ictal, postictal and interictal (in the latter case there is no relationship with seizures). The first three clinical conditions are usually self-limiting and only occasionally require the use of psychotropic medication, whereas interictal psychosis (schizophrenialike psychosis of epilepsy) often responds well to antipsychotic medication. Studies looking into psychiatric conditions in women have reported an increased risk of both affective disorder and psychosis (Jones et al., 2014) , possibly due to the physiological changes associated with menstruation, pregnancy and menopause, as well as pharmacokinetic and pharmacodynamic changes associated with the above physiological states. Although, in clinical practice, the use of psychotropic medications is generally considered safe in patients with epilepsy, there is an associated risk of reducing the seizure threshold; this risk varies according to the different pharmacological classes. The findings of most studies suggest that judicious use of psychotropic medication outweighs the risk of reducing the seizure threshold (Kanner, 2008) . There is limited evidence to help clinicians in the choice of psychotropic medications in patients with epilepsy, and there does not seem to be enough evidence to restrict the use of any medication apart from clozapine in this vulnerable patient group (Lee et al., 2003) . It has been shown that low starting doses and slow titration can be helpful in maximizing the therapeutic potential and reducing the risk of adverse effects. A recently published systematic literature review showed positive results for the use of antidepressants (Maguire et al., 2014) and inconclusive results for the use of antipsychotics (Farooq and Sherin, 2008) in patients with epilepsy. The choice of psychotropic medication in patients with epilepsy requires careful consideration, taking into account the effects of antidepressants and antipsychotics on seizure threshold, as well as their interaction potential with anticonvulsants. Among psychotropics, selective serotonin-reuptake inhibitors such as citalopram and sertraline have been shown to have little effect on seizure threshold and a low potential for interaction with anticonvulsants. Tricyclic antidepressants are known to potentially lower the seizure threshold (Taylor et al., 2012) . The dual serotonin and noradrenaline reuptake inhibitor venlafaxine is also considered a relatively safe option (Maguire et al., 2014) . Anticonvulsants with less potential for interaction with antidepressants include lamotrigine, pregabalin, gabapentin and levetiracetam (Mula, 2008) . Antipsychotic use in epilepsy has a thinner evidence base when compared to the use of antidepressants. Apart from clozapine, which is considered a proconvulsant (especially at higher doses), there is limited evidence supporting the use of one drug over another. The use of atypical antipsychotics seems to be beneficial overall in patients with epilepsy and psychotic symptoms (Okazaki et al., 2014) . Carbamazepine and phenytoin are known to decrease plasma levels of atypical antipsychotics and therefore correction of antipsychotic dosages should be considered. Lamotrigine and topiramate are not known to interact with antipsychotics (de Leon, 2004) . Antipsychotics seem to have little effect on AED metabolism. Finally, there is limited evidence on the effects of psychotropic medications throughout pregnancy. Antidepressants have been reported to potentially cause serotonin discontinuation syndrome and mood stabilizers have been associated with an increased risk of fetal malformations, whereas the effects of antipsychotics appear to be mixed (Galbally et al., 2011) . A recent study examined gender-related differences in the use of psychopharmacological agents for the treatment of psychiatric comorbid conditions in patients with refractory epilepsy (Karouni et al., 2013) . With regard to antidepressants and antipsychotics, women used escitalopram and quetiapine to a larger extent than men, while men more commonly used olanzapine and haloperidol, which suggests that the tolerability profiles of psychotropic medications can influence pharmacotherapy choices in WWE (Gidal et al., 2009 ).
Concluding remarks
Epilepsy in women poses several challenges to clinicians, as it can affect different phases of the reproductive cycle: sexual development, pregnancy, breastfeeding and menopause (Fig. 1) . Catamenial epilepsy can result in significant diagnostic difficulties and requires long-term monitoring of both seizure type and frequency. Epilepsy in women can also affect fetal growth, due to the teratogenic effects of AEDs and poor control of seizures. Sexual dysfunction and contraception are both important factors to consider in the management of WWE. It is therefore very important to educate and involve WWE in decision making about the choice of AED and offer preconception counseling. Mental health problems are particularly common in WWE, and although existing evidence on the safety and efficacy of psychotropic medications is still limited, most of the available psychotropic medications appear to be relatively safe if gradually titrated and appropriately used to address behavioral issues and therefore reduce the overall disease burden. 
